It is assumed that a perfect balance between student academic achievement and university quality is beneficial both for students and higher education institutions (HEIs). Matching theory predicts the existence of perfect matching between the two groups in the absence of transaction costs associated with university enrollment. However, in this study we show cases of mismatch situations in Russia under the Unified State Exam (USE) -the standardized student admission mechanism. This research studies the reasons for this phenomenon for minimal transaction costs and the emergence of unequal access to HEIs. Based on data on Moscow high school graduates who entered university, the determinants of the mismatch between the quality of universities and applicant abilities are assessed. It is shown that although in most cases favorable matching results are established, the individual student achievement results themselves are subject to the influence of school and family characteristics. Thus, inequality of access can be formed at stages preceding HEI enrollment. Researchers examined various aspects that simplify or restrict access to higher education. In general, the research on this topic is devoted to the study of the effectiveness of specific educational strategies within the framework of the transition from high school to university.
Introduction
During the past decade, a number of papers on the accessibility of higher education under the recently introduced Unified State Exam (USE) have appeared in Russia.
Researchers examined various aspects that simplify or restrict access to higher education. In general, the research on this topic is devoted to the study of the effectiveness of specific educational strategies within the framework of the transition from high school to university.
For example, it was shown that students from the most affluent families can benefit from more effective investment in pre-entry coaching and, therefore, they can have greater opportunities for university choice [Uvarov, Yastrebov, 2014; Prakhov, Yudkevich, 2017] .
Despite the high prevalence of attending extra classes in general [Burdyak, 2015] , applicants from disadvantaged households find themselves in a less favorable position, because they have less resources to pay for pre-entry courses or classes with tutors and they often choose inefficient ways of additional training. Another barrier to higher education is educational mobility. Although the introduction of USE increased the level of educational mobility of university applicants [Slonimczyk et al, 2017] , in some cases family income and characteristics of regional socio-economic and educational development can have a strong influence on the decision to move and accordingly, on the accessibility of higher education in general [Prakhov, Bocharova, 2016; Anikina et al., 2014; Pitukhin, Semenov, 2011] . Finally, the characteristics of the family and regional factors are important predictors of university choice in the context of its selectivity (a choice of elite vs non-elite HEIs) [Prakhov, 2016a] .
Recent studies emphasize the role of family factors (mainly income and parental education) in choosing a university and the accessibility of higher education in general. In other words, not only the individual results of USE determine educational outcomes, but also the type of institution and the admission strategy.
Nevertheless, USE is the main mechanism for admission to universities. 4 In an ideal situation the applicant's academic achievement, expressed in her individual USE scores, will correspond to the level of the university where she will enroll. This situation is considered the most desirable, because the future student enters a university which fully corresponds to her abilities. In addition, when the levels of student and university quality match (regardless of the level of student achievement), she has the greatest chance of graduation [Light, Strayer, 2000 ]. However, other situations are possible when such an ideal (perfect) matching is absent.
First, the applicant's ability might be lower than the level of university selectivity, i.e. less 4 The proportion of students enrolled through the alternative pathways is relatively small: in our sample around 87% of students were admitted solely on the basis of their USE results. 4 capable applicants may enter universities with higher requirements for students (overmatching). In this case, it can be assumed that the student being enrolled occupies the place of a more capable student, which reduces the efficiency of resource allocation in higher education. Such a situation is, however, favorable for the applicant, since studying in a more selective institution (and accordingly, being surrounded by more capable students) will allow her to invest in human capital and get a higher return on higher education.
A less favorable situation is the reverse, because it may indicate the existence of inequalities in access to higher education and unfair distribution of entrants among HEIs. This is when a more capable entrant chooses a less selective institution (undermatching) and receives an education of lower quality than that she could claim on the basis of her individual abilities. Therefore, we think it important to understand why such mismatches between the applicant's abilities and the university quality can occur, and what the reasons for the emergence of undermatching for USE and standardized admission procedure are This paper studies the factors determining the probability of such undermatching. For the Russian higher education system the study of matching mechanisms as the final result of selection on the basis of USE scores is especially relevant since the institution of admission to higher education underwent significant changes in 2009. The earlier system of separate double high school and university examinations (when high school graduates were first required to sit the final school exams, and then, during the admission campaign they had to pass other, university-specific exams) was replaced by USE on different subjects which is passed at high schools and recognized by all Russian HEIs. Thus, in the context of a significant institutional transformation, it is important to know what potential barriers (other than those described above) can limit access to higher education with a standardized admission system.
Thanks to the unification of the evaluation criteria and the assessment scale, the introduction of USE opened up, among other things, ample opportunities from a research perspective. With the help of USE, it is now possible to assess the contribution of various factors on the effectiveness of high school graduates and to compare the quality of teaching among schools, and the quality of admission to various HEIs. In particular, USE makes it possible to evaluate how effectively university selection works, which factors determine the 'failures' in the functioning of this mechanism, and what barriers to higher education exist.
These questions are addressed in this paper using a methodology of matching mechanisms and an educational production function.
This study analyzes the mechanism of matching between the quality of HEIs and the abilities of students admitted to these institutions under USE. The paper is organized as 5 follows. Section 1 deals with theoretical and empirical studies devoted to matching quality.
We also present research on factors affecting student performance which can act as possible barriers to higher education. Section 2 describes the empirical model. Section 3 presents the results of regression analysis, where we evaluate the factors that affect undermatching when enrolling in HEIs. It is shown that although in most cases favorable matching situations are established between individual USE results and the quality of the university, the USE scores themselves are subject to the influence of school and family characteristics. Section 4 concludes.
Matching and the accessibility of higher education
Matching models are used in different fields, such as the analysis of the labor market in medicine [Roth & Peranson, 1990; Roth, 1984] , sport [Frechette et. al., 2007] , HR [Roth, 1991; Haruvy et. al., 2006] , as well as in studies of university admission. The research methodology of the current study is based on two methodological approaches: a two-sided matching model between applicants and universities, and the educational production function.
In this section we start with the theoretical propositions of matching and describe the definition and the conditions for a stable match. Then we apply the matching approach to university admission. After we describe possible non-equilibrium mismatch situations and their determinants based on the results of empirical studies. Next, we provide the links on how matching is concerned with the accessibility of higher education and introduce the educational production function and its determinants.
The model of matching was first proposed by Gale and Shapley [1962] . They formulated a set of conditions for matching, according to which a match between the university and the entrant is a situation where: (1) each applicant is either admitted to one of the universities or remains unadmitted; (2) each university either admits a certain number of students, or does not accept anyone; (3) the applicant submits the application and enrolls in the university, and the university accepts her; (4) the number of students admitted to universities is lower or equal to the quota of available places in the university.
Under the standardized admission test (in our case -USE) an applicant sends her applications to her desired universities and waits for the admission results. The universities rank the applications on the basis of USE scores and make an offer to the eligible applicants (their number should not exceed the quota). The applicant either accepts one of the offers, if there are more than one, or remains unadmitted. The resulting distribution between students and universities is called matching. [2013] found that students with a high level of educational achievement from low-income families are more likely to submit applications and consequently enroll to HEIs offering a relatively lower level of education than they could claim. The authors identified several possible reasons for this type of mismatch between able students from low-income families and universities. The main factors for such a mismatch are either a lack of awareness about their admission opportunities or the presence of possible cultural, social or family problems, which drive these students away from universities of a quality corresponding to their abilities.
The second factor which determines mismatches during the admission campaign is grit which is influenced by non-financial parental influence and/or tastes for education [Cooper and Liu, 2016] . For example, the role of information asymmetry in studies of matching in university admission is cited in a number of works [Hoxby and Turner, 2013 students' own abilities, and on the contrary, these students are more likely to enter colleges of a higher level, unlike their less informed colleagues. Hence, one of the main predictors of mismatch are family characteristics related to financial wellbeing, e.g., family income, and cultural and social capital, and information awareness, which can be dependent on other family factors. In our study in addition to the family characteristics we examine the relationship between individual achievement, school characteristics and the probability of a mismatch.
We argue that individual achievement is closely related to the balance between perfect matching and undermatching. Student educational progress itself is not a random variable, but depends on a number of indicators. Since students are admitted to HEIs on the basis of their USE results, factors influencing educational achievement may also have an impact on access to higher education. In other words, in our framework a mismatch is not the only mechanism of unequal access to higher education: inequalities may be set up before admission and influence the accessibility of higher education through the exam scores. Consequently, we
need to estimate what characteristics influence student achievement, because high achievers have a better chance of admission than students with lower scores.
To do this, we used the educational production function [Hanushek, 1968] . Hanushek presented a conceptual model of the process of educational production which allows for the establishment of a statistical relationship between the inputs to education and the measure of its output -individual abilities. Usually student abilities are expressed in the individual results of student achievement, which can be reflected, for example, in the scores on a standardized test. Certainly, this proxy can be a noisy indicator of individual abilities, but under certain assumptions it reflects the resources invested in student's human capital. In general, the educational production function has the following form [Hanushek, 1968 , p. 14]: For almost half a century, the educational production function has undergone many changes, but on the whole, it can be reduced to the following general form [Harris, 2010, p. 403]: 
Data and methodology of study
This paper is based on data obtained from a longitudinal study of students in Moscow schools, started in 2012, when the participants were in the 9 th grade and were choosing their further trajectory of learning and their life in general 5 . The data used in this study currently has three waves. During the first wave, more than 5,000 schoolchildren were interviewed. The second wave took place two years after the start of the project, when one part of the respondents was in the final year in high schools and these students faced with a choice of university and further specialization, while another part of survey participants either was receiving a secondary special education, or terminated their studies at the 9th grade of the school (this group was not concerned with university choice and was excluded from the future analysis). The third wave was carried out a year later, i.e. when former high school graduates had been either admitted to university and became 1 st year students, or failed to do so.
We use data on Moscow high school graduates only, i.e. students who study in the region with the largest and most developed regional higher education market in the country.
Most of these students were admitted to a university located in the same region (Moscow), where they had studied at school. According to the focus of this study only on those who studied in Moscow, we manage to avoid a number of transaction costs associated with admission to HEIs, e.g. costs of moving, living in another city. In other words, we exclude the regional variation in socio-economic development, the differences in the development of local higher education markets and the corresponding transaction costs which can have a serious impact on the choice of university. All students from the sample have equal opportunities for applying for university (document submission). Consequently, we formally assume equal access to higher education based on the results of USE (i.e., the income factor is eliminated, because students do not have to change the region for the purpose of studying or they do not have to spend additional money for living separately from their parents). The study of the educational choice of Moscow students allows us to study the barriers to higher education in conditions of low transaction costs concerned with university choice and further study.
Data is from those students who graduated from high schools and were admitted to the first year of the university on a state-subsidized place, i.e. we look only at those students who study for free and who competed for this opportunity with their USE scores. Studying on a tuition-free basis is important, because the level of university is based on the average USE score of students enrolled on state-subsidized places, characterized by the competition for them. The sample consists of 826 observations. We added information on the level of the university selectivity (an indicator of university quality); this level is expressed as the average USE score among students who were admitted to a state-subsidized place. This information was obtained from the Monitoring of admission quality -2015 6 . In addition, we added information on subjects which was taken into account during admission for every student 7 in order to calculate their average individual USE scores. This information was taken from the directory, which includes information about universities in Moscow and the Moscow region [Kuznetsova, 2016] . Two variables reflecting university quality (the average USE score among admitted students) and individual student abilities (the individual USE average for the individual subjects) were calculated. As a result of the adjustments, the total sample size was 718 observations. The graphic matching model is shown in Fig. 1 . The individual students' scores (x) are on the horizontal axis (the average score for subjects that were taken into account when enrolling in HEI). On the vertical axis is the rating of the university quality. The ideal matching takes place when the individual USE score coincides with the rating of the university. The exact coincidence of the points is on the line of ideal matching, i.e. when y = x). In this paper, for an ideal matching certain intervals are constructed (see below), which are also considered to be an ideal fit. The ideal matching area in Fig. 1 is limited by the boundaries of ideal matching (y = x ± ασx, where σx is a standard deviation of the individual USE score, and α is a matching coefficient: for the line of perfect matching α = 0; the larger the value of α, the wider the boundaries of perfect matching). Other areas on the graph reflect a mismatch between individual results and the HEI quality; overmatching, when the university quality is significantly higher than the individual USE points, and undermatching, when applicants with sufficiently high USE scores are in HEIs with a low average USE score among admitted students. In the empirical models we assess the factors that lead to the emergence of the latter situation.
Fig. 1. The graphic model of matching
We assume the neutral role of the university in the process of matching, we examine the matching process from the students' side as students are the main decision-makers in this 11 process. This corresponds to the nature of USE, in most cases students are admitted only on the basis of their USE scores. In other words, universities cannot introduce their own requirements and manipulate admission (matching) process.
There are a few alternative models of matching. For example, the incline of the boundaries of perfect matching may not be constant (in our case: 45°) and may depend on the score. They can be narrowed with an increase in the individual USE average score. Another variant of matching is student orientation towards last year's admission scores and the adjustment of their university choice (having their USE results) to the past levels of admission. The third explanation of matching is a broader one, if the brightest students belong to top universities and their less able counterparts are enrolled in bottom universities, in general, this can be regarded as a perfect match. In this paper we study the case of simultaneous matching with same-year student scores and university quality with a continuity of scores (x and y).
In order to find out whether the student's choice is a match, in the first stage the difference between the student's individual USE average and the level of university quality was calculated: Δ = x -y. Using Δ, we can formally determine mismatching. Thus if Δ << 0, then the personal average score of the USE applicant is much lower than the quality of admission to the university, which corresponds to overmatch. Conversely, when Δ >> 0, the applicant's individual USE score exceeds the average score for the university where she was enrolled, which is undermatching. Descriptive statistics on the variable Δ are presented in Table 1 . Table 1 shows the mean value of the variable Δ which is close to 0 and corresponds to a perfect match. For a number of entrants there are very significant discrepancies between individual USE results and the quality of the university they entered.
At the next stage, binary variables which estimate the probability of undermatching were created ( ). In the regression probit models, they are considered as Descriptive statistics for dependent variables are presented in Table 2 . Note that individual USE scores represent a function and are associated with the student's innate abilities and are influenced by a set of external characteristics (family and school factors). That is why, in the second part of the empirical analysis, an assessment of the educational production function is conducted. Individual average USE scores are used as the dependent variable. Descriptive statistics are presented in Table 3 . The regression models can be presented in the following form:
F is a vector of independent variables,    f is a probit distribution function, β, γ are vectors of regression coefficients. 13 Independent variables (F) are gender, high school status, high school ranking, a student's change of school, class specialization, the birthplace of the student, the level of the mother's education, family status (single-parent family), the number of books at home. In addition, in the probit models (1), the individual USE average score is used as an independent variable. Descriptive statistics of independent variables are presented in Table 4 . The explanatory variables include student individual, school and family characteristics.
Individual factors are gender, individual USE result and a place of birth. School features are high school status, its ranking, a student's change of school, and class specialization. Family factors include mother's education, single-parent family, and the number of books at home.
Next we briefly describe the main characteristics of the independent variables. The share of female students among respondents who are in the final sample of 718 observations is 54%. Among the study sample, about 70% of students were born in Moscow. Individual The regressions also reflect whether the student changed school after the 9 th grade.
About 10% of students changed their secondary schools. The class specialization is given by a dummy variable which is 1 if there is a certain specialization (for example, with extra classes in mathematics or languages). 80% studied in classes with a specialization.
As one of the family characteristics, the level of mother's (stepmother's) education is considered. In 77% of families, the mother (stepmother) has a degree. Another family characteristic is the family status. In the sample, 9% students have a single-parent family with no one substituting one of the biological parents (a stepmother or a stepfather). The number of books at home can influence the educational achievement and is considered as an independent 
The results of regression analysis
The results of the regression analysis of the probit models (1) are presented in Table 5 .
For the convenience of interpreting the results of the probit regression, average marginal effects are reported 9 . The first important finding is that the individual USE mean score is statistically significant in determining the probability of a mismatch in all model specifications, regardless of the width of the boundaries of perfect matching. Higher USE results increase the probability of being in a weaker institution. One of the possible interpretations of this is the assumption that the higher the results of the USE, the more opportunities the applicant has to choose. Accordingly, this choice can be more conscious, i.e. an entrant with high USE scores interested in a certain specialization may not find a university of the appropriate (corresponding) quality. On the other hand, with higher USE scores, the value of the variable Δ can also increase, which will lead to this entrant being undermatched.
There is a statistically significant relationship between the school ranking and the probability of undermatching in all model specifications. The lower the ranking of the school, the higher the probability of undermatching. Since the school ranking can be considered as a proxy for the quality of high school education, it can be concluded that the higher the quality of high secondary education, the lower the probability of undermatching.
Third, some individual and family characteristics matter. Table 5 shows that for the widest limits of the perfect matching (columns 4-6), male students are more likely to be undermatched than female students. Mother's education is significant under narrow matching (columns 1-2). With wider borders of perfect matching, this variable becomes insignificant. 16 The remaining variables are insignificant in all the model specifications regardless of the matching coefficient 10 .
As the school ranking has little marginal effect on the probability of being undermatched, and as a significant share of students graduated from high schools that were not included in the Top-300 rating (264 out of 718, or 37.8%), it was suggested that the variance between schools included in the rating is low. However, the effect of being in a nonranked high school might be larger. To test this hypothesis, additional alternative regression models were estimated: instead of high school ranking, a dummy variable reflecting graduation from the high school from Top-300 was added. This new variable equals 1 if the school is ranked among the best, and 0 otherwise. The results of the regression analysis (average marginal effects) for the new variable are presented in Table 6 . More detailed results of the regression analysis can be found in Appendix 2. Standard errors in parentheses. Levels of significance: *** -1%-level, ** -5%-level, * -10%-level.
Graduation from one of the best schools is sufficient and significantly influences the probability of choosing a HEI which is better suited to the abilities of the applicant. Schooling of this kind reduces the probability of undermatching by 6-10%.
USE generally copes with its task of providing a fair mechanism for admission to higher education, since even when establishing narrow matching borders, a relatively small proportion of students enter weaker institutions from the selectivity point of view. However, it is worth noting the influence of a high school quality on the matching outcomes. In the context of the low transaction costs associated with admission, with the homogeneity of regional socio-economic development and having all students from the same regional education market, the variation in the quality of schooling can also influence undermatching. 10 Besides, the additional models with the inclusion of the family income status were tested. As expected, income variables turned out to be insignificant, since this study examines students from the same region, and the variation in the family income in the sample is quite low. That is why the financial situation of the family finally was excluded from all regression models.
As noted, in all specifications of model (1) the individual USE average score is significant. Since USE results are not random, but are a function of school, family and other characteristics, it is also necessary to identify which factors are the determinants of student performance. Such an analysis will reveal how the USE result is influenced by factors not directly related to student abilities. It will be possible to draw conclusions about the limitations of the chances of obtaining high USE scores and the barriers of access to higher education, even in conditions of low transaction costs. In addition, when assessing the production function in education, for the first time in Russia a 'strategic' factor is used as the dependent variable. In other words, this variable reflects the results of only those subjects that are required for enrollment, i.e. subjects in which the student is most interested in the results.
The results of regression analysis presented in Table 7 most accurately reflect the contribution of various resources to student performance 11 . Standard errors in parentheses. Levels of significance: *** -1%-level, ** -5%-level, * -10%-level.
Individual factors (gender), school characteristics and family factors determine educational outcomes measured by the student's USE score. Female students have USE scores 6.4 points higher than male students.
The magnitude of the previous factor is comparable to the coefficient for the type of school. Those applicants who studied in special schools (such as in schools with in-depth study of certain subjects) receive an average of 6 points more per subject compared to their peers from ordinary secondary schools. Among the school factors, in addition to the status of the school, the class specialization is statistically significant, which brings students slightly more than 2 USE points per subject. Students who graduated from high schools from the Top-300 gain 2 USE points. The exact rank of the school in the ranking also affects USE results.
The difference in USE results for the student from the 1 st school in the ranking and the 300 th school can exceed 3 points.
Among family factors, those students whose mother has higher education, pass USE exam with 3 more points. The number of books at home also influences the USE results. 
Conclusion
This paper examined the mechanism of matching the quality of the applicant and the university using USE. On the basis of this mechanism, the possibility for unequal access to higher education was explored. The results show that during the admission process, favorable conditions for ideal matching or overmatching, when the level of HEIs far exceeds the personal educational achievements of students, are observed. Thus, depending on the coefficient of matching, in the least favorable situation (undermatching), when applicants find themselves in universities with a lower level than the personal abilities of the student, is relevant for 14 to 28% of entrants.
The probability of undermatching is affected by individual USE scores and the ranking of the high school. Nevertheless, it was empirically shown that USE results themselves are influenced by a number of school characteristics (school type, class specialization, school quality) and family characteristics (mother's education, number of books at home). These results indicate the presence of factors not directly related to student's innate abilities, which are important determinants of academic performance. From the point of view of ensuring equal access to higher education, it can be concluded that, although most entrants find themselves in HEIs corresponding to their abilities, the inequality of access to higher education is laid at earlier stages -in the family and in the school.
Note that these results were obtained under assumption of low transaction costs associated with admission to university, since the empirical part of the study was based on data on students who graduated from Moscow high schools and entered universities in the Moscow region. Thus, a number of barriers related to the family income status, regional economic development and the limited choice of the university in the regional higher education markets were initially leveled. Since even in conditions close to ideal, the inequality of access to higher education arises at pre-entry stages, the inclusion of students from different regions (and when the corresponding regional variation is included) can lead to even greater effects with an increase of the share of mismatched students. Therefore, conducting an analysis of matching on the Russian higher education market in general would be useful.
The results make it possible to identify problems associated with the implementation of the existing mechanism for access to higher education, allow for the development of policy recommendations (including managerial decisions in education) and for making decisions by individual households, and to identify areas for further possible research.
First, in all models, there was a significant effect of the quality of high school education both on USE results, and on the probability of undermatching. Thus, it is worth paying 20 attention to the implementation of policies to improve the quality of school education and which are oriented towards a possible smoothing of inequalities between graduates from schools with special status and those from ordinary schools. We do not mean 'averaging' the quality of teaching in Russian schools, we are talking about the need to 'pull up' backward educational institutions to the middle level. For example, it is possible to conduct additional work to improve the skills of school teachers.
Secondly, despite the fact that we did not reveal a significant contribution of family factors to the probability of undermatching (with the exception of mother's education in a number of models), family factors are significant in determining USE results. Therefore, it is worth paying attention to family investments in human capital. It has been shown that in the presence of mother's higher education and with a significant number of books at home, students show higher results in terms of USE. Thus, the level of the cultural and social capital of the family is related to the academic performance. Therefore, programs should be developed to support families with insufficient social and cultural capital to increase their awareness. It is also possible to organize support in the form of additional school activities with children from such families.
Among other things, the influence of the gender on the results of USE and the likelihood of undermatching was revealed. This conclusion should be taken cautiously, as according to some studies this difference between male and female students is primarily attributed to the difference in their preferences and tastes [Zafar, 2013] . The determinants of such gender differences would also be an interesting topic for possible future research.
